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Abstract No clinical evidence on the efficacy and safety
of eribulin monotherapy has been obtained by a prospec-
tive clinical study in patients with metastatic breast cancer
(MBC) who had well-defined taxane resistance. The pre-
sent Phase II, multicenter, single-arm, open-label study
aimed to obtain the evidence. Japanese female patients,
aged 33–74 years who had the metastasis of taxane-resis-
tant and histopathologically confirmed breast cancer,
received eribulin mesylate 1.4 mg/m2 (equivalent to
eribulin 1.23 mg/m2 [expressed as free base]) as a 2- to
5-min intravenous infusion on days 1 and 8 of each 21-day
cycle. The primary endpoint was the clinical benefit rate
(CBR) [complete response (CR), partial response (PR), and
long-term stable disease (LSD) C24 weeks]. A total of 51
patients underwent chemotherapy cycles (median 4; range
1–42 cycles). The CBR was 39.2 % (CR 2.0 %; PR
23.5 %; and LSD 13.7 %), and the rate of progressive
disease was 49.0 %. The median progression-free survival
and the median overall survival were 3.6 months [95 %
confidence interval (CI) 2.6–4.6 months] and 11.7 months
(95 % CI 9.2–14.2 months), respectively. Grade 3 or
greater adverse events were leukopenia (23.5 %), neu-
tropenia (35.3 %), anemia (5.9 %), and febrile neutropenia
(7.8 %). The incidences of grade 3 and 4 peripheral sen-
sory neuropathy were 2.0 and 0 %, respectively. Eribulin
showed a clinically manageable tolerability profile by dose
adjustments or symptomatic treatment. Eribulin was
effective and well tolerated in heavily pretreated patients
with MBC who had well-defined taxane resistance, thus
providing a potential therapeutic option in the clinical
settings.
Keywords Eribulin mesylate  Metastatic breast cancer 
Taxane resistance  Estrogen receptor  Human epidermal
growth factor receptor 2-negative  Triple-negative
Introduction
Breast cancer is the most common cancer in American
women, with estimated new cases and deaths of 231,840
(28.6 % of all new cancers in women) and 40,290 (14.5 %
of all cancer deaths in women), respectively, for year 2015
[1]. Approximately 5–10 % of patients with breast cancer
present metastasis at diagnosis, and up to 30 and 70 % of
node-negative and -positive breast cancers will relapse,
respectively [2]. In Japanese women, on the other hand, the
estimated number of new cases and deaths were 86,700
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(22.8 % of all new cases in women) and 13,400 (9.0 % of
all cancer deaths in women), respectively, for year 2014.
Breast cancer is the fifth most common malignancy causing
cancer deaths, preceded by colon, lung, stomach, and
pancreatic cancers in 2013 [3].
Chemotherapy constitutes a beneficial therapeutic
armamentarium for patients with metastatic breast cancer
(MBC) although the complete cure of the disease is diffi-
cult to attain, and anthracyclines and taxanes—two most
active classes of cytotoxic agents that are commonly used
for the treatment of breast cancer—are preferred as single
agents for recurrent or metastatic breast cancer [4]. How-
ever, lifetime exposure to the former is restricted due to
their cardiotoxicity, myelosuppression, and alopecia. On
the other hand, the latter provokes alopecia, peripheral
neuropathy, and other serious adverse events. Furthermore,
the emergence of resistance to anthracyclines and taxanes
has become a major clinical obstacle [5].
Eribulin, which is a non-taxane microtubule dynamics
inhibitor belonging to the halichondrin class of antineo-
plastic agents [6], has a unique end-poisoning mechanism
that results predominantly in the inhibition of microtubule
growth with no or little effect on shortening [7, 8]. Con-
sequently, eribulin exerts its cytotoxicity by suppressing
microtubule growth and sequestering tubulins, eventually
causing G2-M cell cycle arrest and apoptosis [9–11].
Eribulin has shown antitumor activity for a number of
human cancer cell lines and xenografts with a variety of
therapeutic indexes [12]. In addition to its pharmacological
potency superior to other agents (e.g., paclitaxel and vin-
blastine), eribulin has potent activity against paclitaxel-
resistant human cancer cell lines in vitro [13]. Apart from
its cytotoxicity, eribulin induces the remodeling of tumor
vasculature through a novel antivascular activity and a
reversing effect on the epithelial–mesenchymal transition
of cancer cells—a key process for metastatic promotion in
cancer, thus inhibiting metastasis [14–19]. This may also
contribute to the extension of survival of patients with
MBC.
In prior Phase II and III clinical studies of eribulin
monotherapy, the drug has shown antitumor activity and a
survival benefit for patients with MBC who had previously
undergone anthracycline- or taxane-based chemotherapy
regimens [20–26]. Especially in a Phase III open-label
randomized clinical study of eribulin (EMBRACE) [25],
furthermore, eribulin monotherapy showed a significant
and clinically meaningful improvement in the overall sur-
vival (OS) of patients with MBC compared to treatment of
physician’s choice (TPC) in heavily pretreated patients
with MBC. In 2010, consequently, the Food and Drug
Administration approved eribulin mesylate as third-line
treatment for MBC refractory to anthracyclines and taxanes
[27]. By contrast, eribulin is approved as first or subsequent
line therapy for the treatment of patients with MBC in
Japan. As described above, prior clinical studies have
examined the efficacy and safety of eribulin in patients
with MBC who were previously treated with taxanes.
However, no clinical evidence about these features of
eribulin has been obtained in MBC patients who had well-
defined taxane resistance. Therefore, we conducted the
present study to obtain the evidence.
Methods
Study design
A Phase II, multicenter, single-arm, open-label clinical
study (University Hospital Medical Information Network
identifier: 000006965) was conducted at eight medical
institutions in Japan and enrolled Japanese female patients
with MBC who were found to have well-defined taxane
resistance. The administration of colony-stimulating fac-
tors (G-CSFs) was allowed according to the Japanese
Society of Clinical Oncology guidelines.
Patients
Female patients were considered eligible when meeting all
of the following criteria: women aged 20–74 years with
histopathologically confirmed breast cancer; prior
chemotherapy regimens with taxanes and/or anthracycli-
nes; Eastern Cooperative Oncology Group (ECOG) per-
formance status: 0–2; lesions measurable by computed
tomography or magnetic resonance imaging at least in one
dimension; conserved functions of principle organs (bone
marrow, liver, kidney, and lung)—neutrophil count:
C1500/lL; platelet count: C100,000/lL; hemoglobin
concentration: C8.0 g/dL; aspartate aminotransferase
(AST) and alanine aminotransferase (ALT): B2.5-fold the
upper limit of normal (ULN) or B5.0-fold the ULN in
patients with hepatic metastasis; total bilirubin: B1.5-fold
the ULN; and serum creatinine concentration: B1.5-fold
the ULN; and written informed consent. A woman with
MBC, who was already under chemotherapy, was consid-
ered to present well-defined taxane resistance when falling
under either of the following cases: (1) breast cancer
recurred during taxane treatment or within 1 year after the
last administration when undergoing neo- or adjuvant
chemotherapy with taxanes and 2) the tumor progressed
(from CR/PR/SD to PD or PD) during taxane treatment.
Women were excluded when falling under any of the
following criteria: systemic infection involving fever
(C38 C); a large volume of pleural fluid, ascites, or
pericardial fluid requiring drainage; brain metastasis with
clinical symptoms; serious complications including heart
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disease (e.g., poorly controlled ischemic disease and
arrhythmias excluding left ventricular hypertrophy associ-
ated with hypertension, mild left ventricular load, and mild
right bundle branch block), myocardial infarction within
previous 6 months, hepatic cirrhosis, interstitial pneumo-
nia, pulmonary fibrosis, and bleeding tendency; active
double cancer; overexpression of the human epidermal
growth factor receptor type 2 (HER2) at the primary or
metastatic lesion as either (3?) by immunohistochemistry
or (?) by fluorescence in situ hybridization (FISH); preg-
nancy, breast-feeding, or women with childbearing poten-
tial; and ineligibility for the study.
Patients underwent study treatment until disease pro-
gression, unacceptable toxicity, consent withdrawal, or
investigator’s discretion to discontinue the treatment. All
patients provided written informed consent before enroll-
ment. The study was conducted in accordance with the
Declaration of Helsinki, Good Clinical Practice, and local
ethical and legal requirements. The study protocol was
approved by the Institutional or Central Ethics Committee.
Treatment
Eribulin mesylate 1.4 mg/m2 (equivalent to eribulin
1.23 mg/m2 [expressed as free base]) was administered as a
2- to 5-min intravenous infusion on days 1 and 8 of each
21-day cycle. Successive dose reductions to 1.1 and
0.7 mg/m2 were permitted at the investigator’s discretion
or to manage the following events: grade 3 or greater
febrile neutropenia; grade 3 or greater neutropenia (\1000/
lL) requiring antibiotic treatment; grade 4 thrombocy-
topenia (\25,000/lL); grade 3 or greater nonhematologic
toxicities excluding nausea, vomiting, anorexia, and labo-
ratory abnormalities without clinical symptoms; and
administration on day 8 of the cycle was omitted because
grade 3 or greater neutropenia (\1000/lL) or thrombocy-
topenia (\50,000/lL) occurred. The second or subsequent
cycle was postponed for a maximum of 2 weeks (day 36 of
the previous cycle) in the event that at least one of the
following criteria for next cycle initiation was unmet:
neutrophil count: C1000/lL; platelet count: C75,000/lL;
AST or ALT: B2.5 fold the ULN; total bilirubin: B1.5-fold
the ULN; serum creatinine: B1.5-fold the ULN; and non-
hematologic toxicities: grade 2 or lower (excluding those
caused by the disease and laboratory abnormalities without
clinical symptoms). The dose delay or interruption was
resumed after confirming that the criteria were met. Grade
3 or 4 adverse events (AEs) were managed by dose mod-
ifications (interruptions, delays, or reductions).
In principle, concomitant treatment for concurrent
underlying disease was not restricted. However, the fol-
lowing concurrent or adjunctive therapy was not permitted:
other anticancer treatments (e.g., immunotherapy,
chemotherapy, and surgery); prophylactic administration of
G-CSF; and other investigational drugs. Symptomatic
treatment with G-CSFs was permitted for grade 4 neu-
tropenia and grade 3 febrile neutropenia.
Assessments
Efficacy
Tumor lesions and markers were monitored at screening or
day 1 and every 8 weeks thereafter. Subsequent monitoring
could be rescheduled when a change in disease status was
suspected. Tumor response was assessed according to
Response Evaluation Criteria in Solid Tumors [28] at
screening, week 8 (?2 weeks) after the day of first admin-
istration, and every 8 weeks (±2 weeks) after the day of
previous observation of the tumor lesion. Tumor responses
were categorized as follows: complete response (CR); partial
response (PR); progressive disease (PD); stable disease
(SD); and not evaluable (NE). CR and PR required two or
more successive confirmations at 4-week or more intervals.
The clinical benefit rate [CBR: CR ? PR ? long-term SD
(LSD: SD C24 weeks)], the overall response rate (ORR:
CR ? PR), and the disease control rate (DCR:
CR ? PR ? SD) were calculated. Progression-free survival
(PFS) was defined as the span from enrollment to the earliest
date of disease progression, death, or censoring. Overall
survival (OS) was defined as the span from enrollment to
death or to the date of censoring. The efficacy and safety
evaluation panel reviewed the efficacy and safety data on the
investigator-assessed patients.
Study endpoints
The primary endpoint was the CBR, and the secondary
endpoints were PFS, OS, and safety.
Safety
AEs were recorded and graded according to the Common
Terminology Criteria for Adverse Events Japanese version
4.0, and coded according to the Medical Dictionary for
Regulatory Activities, Japanese version (MedDRA/J).
Vital signs and ECOG performance status were asses-
sed; laboratory tests (hematology and blood biochemistry)
and 12-lead electrocardiography at rest were conducted
before recruitment and at the time of each visit, discon-
tinuation, and completion.
Statistical analyses
PFS and the ORR (median with 95 % confidence interval
[CI]) were calculated using Kaplan–Meier estimates.
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Safety data were evaluated using descriptive statistics.
Sample size was estimated to be 52 based on previous
clinical studies: in a Phase II study [21], the independently
reviewed CBR was 17.1 % (95 % CI 12.8–22.1 %) and the
investigator-reviewed CBR was 19.7 % (95 % CI
15.1–25.0 %); in a Phase III study [25], these CBRs were
23.0 % (95 % CI 18.9–26.7 %) and 28.0 % (95 % CI
23.8–32.1 %), respectively. We assumed that third-line
therapy would produce antitumor activity comparable to
that described in these previous studies and established an
expected CBR of 23 % and a threshold CBR of 10 %, with
80 % power at a type I error of 5 % (two-sided alpha).
These assumptions produced 52 samples for the detection
of tumor response. SPSS version 19 (IBM, Armonk, NY)
was used to make all statistical analyses.
Results
Patients
A total of 53 patients were recruited at eight institutions in
Japan between February 2012 and November 2014, two of
whom were subsequently excluded from the study because
of not meeting the key inclusion criteria; consequently, 51
were enrolled. The baseline demographic and clinical
characteristics of the patients are shown in Table 1. The
median age was 55.0 years (range 33.9–74.4 years), 25
(49.0 %) had an ECOG performance status of 0, 31
(60.8 %) had estrogen receptor (ER)-positive breast cancer,
19 (37.3 %) had triple-negative breast cancer, 46 (90.2 %)
had undergone chemotherapy after recurrence with a
median of 2 regimens (range 0–7), 25 (49.0 %) had four or
more metastases—predominantly in the bone, lung, and
liver, and 37 (72.5 %) had grade 1 or greater peripheral
sensory neuropathy.
Study drug exposure
The median of cycles delivered was 4 (range 1–42 cycles).
Among 51 patients treated, 13 (25.5 %), 18 (35.3 %), and 11
(21.6 %) experienced dose interruptions, delays, and reduc-
tions during cycle 1, respectively, primarily as a result of
neutropenia. One (2.0 %) of the patients discontinued eribulin
administration who had a cerebrovascular accident. The
median of relative dose intensity (RDI) was 85.6 % (range
31.0–101.3 %). Four patients (7.8 %) received G-CSFs for
the treatment of grade 3 febrile neutropenia.
Efficacy
The following variables for efficacy were obtained
(Table 2): the CBR was 39.2 % (95 % CI 25.8–53.9 %),
Table 1 Baseline demographic and clinical characteristics of patients






0 25 (49.0 %)
1 22 (43.1 %)
2 4 (7.8 %)
Hormone receptor status
ER-positive 31 (60.8 %)
Triple-negative (ER, PgR, HER2) 19 (37.3 %)
Unknown 1 (2.0 %)
Prior treatments
Neoadjuvant chemotherapy 20 (39.2 %)
Adjuvant chemotherapy 20 (39.2 %)
Chemotherapy after recurrence 46 (90.2 %)
Number of prior chemotherapy regimens after recurrence
0 5 (9.8 %)
1 8 (15.7 %)
2 15 (29.4 %)
3 10 (19.6 %)
4 4 (7.8 %)




Anthracycline 29 (56.9 %)
Paclitaxel 42 (82.4 %)
Docetaxel 8 (15.7 %)
Paclitaxel and docetaxel 1 (2.0 %)
Capecitabine/TS1 37 (72.5 %)
Vinorelbine 5 (9.8 %)
Gemcitabine 8 (15.7 %)
Site of metastasis
Bone 28 (54.9 %)
Lung 24 (47.1 %)
Liver 25 (49.0 %)
Distal/regional lymph node 20/18 (39.2/35.3 %)
Local lesion 15 (29.4 %)
Pleura 10 (19.6 %)
Skin 8 (15.7 %)
Brain 3 (5.8 %)
Number of metastases
1 5 (9.8 %)
2 7 (13.7 %)
3 14 (27.5 %)
C4 25 (49.0 %)
ECOG Eastern Cooperative Oncology Group, ER estrogen receptor,
PgR progesterone receptor, HER2 human epidermal growth factor
receptor 2
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and the median ORR was 25.5 % (95 % CI 14.3–39.6 %).
However, six of enrolled patients were found to have not
received an anthracycline: two patients each in those who
presented PR, LSD, and PD. After excluding these six
patients from the assessment of efficacy, the following
variables for efficacy were obtained: the CBR was 35.6 %
(95 % CI 21.9–51.2 %), and the median ORR was 24.4 %
(95 % CI 12.9–39.5 %). The Kaplan–Meier curves for PFS
and OS are shown in Fig. 1. The median PFS was
3.6 months (95 % CI 2.6–4.6 months) and the median OS
was 11.7 months (95 % CI 9.2–14.2 months). Percent
changes in metastatic tumor size (total sum of the longest
single dimension for measurable target lesions) from
baseline to the maximal tumor shrinkage regarding best
overall responses in the overall, liver, and lung are shown
in Fig. 2; eribulin caused tumor shrinkage in the target
organs that were examined (e.g., the liver and lung).
The CBRs were comparable between ER-positive and
triple-negative patients (Table 3). Eribulin showed efficacy
(CBR: C40 %) in the major organs of metastasis, e.g., lung
and liver (Table 4). The rate of best overall response in
patients who had undergone paclitaxel treatment was as
high as 35.7 % in the CBR (Table 5). Among the patients
examined, the CBR was highest in patients whose best
overall response was qualified from SD to PD (Table 6).
Safety
All patients experienced treatment-related adverse events
(TRAEs), but eribulin showed a clinically manageable
tolerability profile by dose modifications or symptomatic
treatment. One patient suffered from a cerebrovascular
accident about whom causality with eribulin could not be
ruled out, which led to the discontinuation of eribulin
administration. However, no death occurred during the
study period.
The most common TRAEs were neutropenia (35.3 %),
leukopenia (33.3 %), and anemia (29.4 %) among hema-
tologic AEs and were oral mucositis, alopecia, AST
increased, fatigue, constipation, anorexia, and peripheral
motor neuropathy (13.7 % each) among nonhematologic
AEs (Table 7). The grade 3 TRAEs were leukopenia
(19.6 %), neutropenia (17.6 %), febrile neutropenia
(7.8 %), and anemia (5.9 %). Neutropenia was managed by








CBR (CR ? PR ? LSD) 20 39.2
95 % CI 25.8–53.9
ORR (CR ? PR) 13 25.5
95 % CI 14.3–39.6
DCR (CR ? PR ? SD) 25 49.0
95 % CI 34.8–63.4
CR complete response, PR partial response, SD stable disease, LSD
long-term stable disease C24 weeks, PD progressive disease, NE not
evaluable, CI confidence interval
Fig. 1 Kaplan–Meier curves for progression-free survival (a) and
overall survival (b)
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Fig. 2 Waterfall plots of
percent changes in metastatic
tumor size (total sum of the
longest single dimension for
measurable target lesions) from
baseline to the maximal tumor
shrinkage regarding best overall
responses: a overall, b liver, and
c lung. CR complete response,
PR partial response, SD
stable disease, PD progressive
disease, LSD long-term
stable disease
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dose interruptions/delays or dose reductions, or with
G-CSFs, administered to 4 patients (7.8 %). Dose inter-
ruptions were caused most frequently by neutropenia,
peripheral neuropathy, ALT increased, and pulmonary
fibrosis (10, 1, 1, and 1 patients, respectively). On the other
hand, dose reductions were required most frequently by
neutropenia, peripheral neuropathy, and ALT increased (9,
1, and 1 patients, respectively). Furthermore, dose delays
were necessitated most frequently by neutropenia, periph-
eral neuropathy, and others (10, 4, and 4, respectively). The
incidence of grade 3 peripheral sensory neuropathy was
2.0 % (1/51), and neither grade 3 motor neuropathy nor
grade 4 peripheral sensory/motor neuropathy was
observed.
Discussion
In EMBRACE Study [25] that examined patients who had
undergone anthracycline- and taxane-based treatment for
locally recurrent breast cancer or MBC, the median OS was
13.1 months for eribulin monotherapy and 10.6 months for
Table 3 Best overall tumor responses by receptor status
Receptor status
ER-positive (n = 31, 60.7 %) Triple-negative (n = 19, 37.3 %) Unknown (n = 1, 2.0 %)
CR 0 (0 %) 1 (5.3 %) 0 (0 %)
PR 7 (22.6 %) 5 (26.3 %) 0 (0 %)
LSD 4 (12.9 %) 2 (10.5 %) 1 (100 %)
SD 5 (16.1 %) 0 (0 %) 0 (0 %)
PD 14 (45.2 %) 11 (57.9 %) 0 (0 %)
NE 1 (3.2 %) 0 (0 %) 0 (0 %)
Clinical benefit rate (CR ? PR ? LSD) 11 (35.5 %) 8 (42.1 %) 1 (100 %)
95 % CI 19.2–54.6 20.3–66.5
Overall response rate (CR ? PR) 7 (22.6 %) 6 (31.6 %) 0 (0 %)
95 % CI 9.6–41.1 12.6–56.6
Disease control rate (CR ? PR ? SD) 16 (51.6 %) 8 (42.1 %) 1 (100 %)
95 % CI 33.1–69.9 20.3–66.5
CR complete response, PR partial response, LSD long-term stable disease C24 weeks, SD stable disease, PD progressive disease, NE not
evaluable
Table 4 Best overall responses
by organ
Site of metastasis N CBR n (percentage) ORR n (percentage) DCR n (percentage)
Local lesion 15 3 (20.0 %) 3 (20.0 %) 7 (46.7 %)
95 % CI 4.3–48.1 4.3–48.1 21.3–73.4
Regional lymph node 18 8 (44.4 %) 5 (27.8 %) 11 (61.1 %)
95 % CI 21.5–69.2 9.7–53.5 35.8–82.7
Distal lymph node 20 6 (30.0 %) 4 (20.0 %) 12 (60.0 %)
95 % CI 11.9–54.3 5.7–43.7 36.1–80.9
Bone 28 5 (17.9 %) 0 (0.0 %) 17 (60.7 %)
95 % CI 6.1–36.9 40.6–78.5
Lung 24 10 (41.7 %) 6 (25.0 %) 13 (54.2 %)
95 % CI 22.1–63.4 9.8–46.7 32.8–74.5
Pleura/pleural effusion 10 4 (40.0 %) 2 (20.0 %) 7 (70.0 %)
95 % CI 12.1–73.8 2.5–55.6 34.8–93.3
Liver 25 10 (40.0 %) 6 (24.0 %) 14 (56.0 %)
95 % CI 21.1–61.3 9.4–45.1 34.9–75.6
Brain 3 1 (33.3 %) 0 (0.0 %) 2 (66.7 %)
ORR overall response rate (CR ? PR), CR complete response, PR partial response, CBR
(CR ? PR ? LSD) clinical benefit rate, LSD long-term stable disease C24 weeks, DCR disease control
rate (CR ? PR ? SD), SD stable disease
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TPC; eribulin thus indicated a 2.5-month extension of the
median OS in patients who were taxane refractory because
of having shown disease progression within 6 months of
latest chemotherapy. In view of the outcomes from the
EMBRACE Study, we intended to examine the efficacy
and safety of eribulin monotherapy in Japanese female
patients with MBC who had stricter taxane resistance (tu-
mor progression within 1 year after treatment with taxanes)
than the study.
Our study population consisted of heavily pretreated
patients, the majority of whom (76.5 %) already had three
or more sites of metastasis at baseline. Despite these facts,
a certain level of anticancer activity was observed in our
patients who had stricter taxane resistance than that in the
study conducted by Aogi et al. [24]. After excluding six
patients who had not received anthracyclines, the activity
was demonstrated with a CBR of 35.6 % (vs. 27.5 %), a
median ORR of 24.4 % (vs. 21.3 %), a median PFS of
3.5 months (vs. 3.7 months), and a median OS of
11.7 months (vs. 11.1 months). Compared with their study,
namely, the efficacy profile of eribulin was better and
equivalent with respect to variables for efficacy including
the CBR.
Furthermore, the CBR in the present study was equiv-
alent to the CBRs (17.1–32.9 %) described in other prior
Phase II and III clinical studies of eribulin monotherapy in
non-Japanese patients [20, 21, 25, 26]; however, the CBR
in our study was much lower than 51.8 and 62.9 % in
Phase II clinical studies of eribulin as first-line therapy
conducted by McIntyre et al. [22] and Takashima et al.
[23]—a sufficiently comprehensible fact when considering
differences between the first- and late-line therapies. The
median ORR in the present study was equivalent to 21.3 %
[24] in Japanese patients and was higher than 9.3–16.1 %
Table 5 Best overall responses
by prior taxane treatment
Prior taxane treatment N CBR n (percentage) ORR n (percentage) DCR n (percentage)
Paclitaxel 42 15 (35.7 %) 10 (23.8 %) 19 (45.2 %)
95 % CI 21.6–52.0 12.1–39.5 30.0–61.3
Docetaxel 8 4 (50.0 %) 3 (37.5 %) 5 (62.5 %)
95 % CI 15.7–84.3 8.5–75.5 24.5–91.5
Paclitaxel ? docetaxel 1 1 (100.0 %) 0 (0 %) 1 (100.0 %)
ORR overall response rate (CR ? PR), CR complete response, PR partial response, CBR
(CR ? PR ? LSD) clinical benefit rate, LSD long-term stable disease C24 weeks, DCR disease control
rate (CR ? PR ? SD), SD stable disease
Table 6 Best overall responses by taxane resistance pattern
Well-defined taxane resistance pattern N = 51 Variables for efficacy
CBR ORR DCR
Neoadjuvant chemotherapy for PD, n (%) 2 1 (50.0 %) 1 (50.0 %) 1 (50.0 %)
Chemotherapy for metastasis within 1 year after the last
administration of taxane, n (%)
7 3 (42.9 %) 2 (28.6 %) 4 (57.1 %)
95 % CI 9.9–81.6 3.7–71.0 18.4–90.1
Adjuvant therapy 2 1 (50.0 %) 1 (50.0 %) 1 (50.0 %)
Neoadjuvant therapy 5 2 (40.0 %) 1 (20.0 %) 3 (60.0 %)
Tumor progression, n (%)
PR to PD 17 4 (23.5 %) 3 (17.6 %) 6 (35.3 %)
95 % CI 6.8–49.9 3.8–43.4 14.2–61.7
SD to PD 14 7 (50.0 %) 4 (28.6 %) 8 (57.1 %)
95 % CI 23.0–77.0 8.4–58.1 28.9–82.3
PD 11 3 (27.3 %) 3 (27.3 %) 3 (27.3 %)
95 % CI 6.0–61.0 6.0–61.0 6.0–61.0
CBR clinical benefit rate (CR ? PR ? LSD), CR complete response, PR partial response, LSD long-term stable disease C24 weeks, ORR overall
response rate (CR ? PR), DCR disease control rate (CR ? PR ? SD)
 Defined as ‘‘tumor metastasis during taxane treatment or within 1 year after the last administration of a taxane’’ or ‘‘tumor progress (from CR/
PR/SD to PD) during taxane treatment.’’
No patient with CR in our study
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in non-Japanese patients [20–22, 25, 26]. In addition, the
median PFS and the median OS in this study were com-
parable to 2.6–4.1 months and 9.2–15.9 months in non-
Japanese patients, respectively [20–22, 25, 26].
The subgroup analyses of best overall responses
revealed several novel insights into the efficacy profile of
eribulin. The CBRs were comparable between the ‘‘ER-
positive’’ and ‘‘triple-negative’’ categories in receptor sta-
tus (Table 3); this might indicate that eribulin suppresses
disease progression regardless of receptor status. The top
three CBRs by organ in decreasing order were found for
the regional lymph node (44.4 %), as well as for vital
organs—lung (41.7 %) and liver (40.0 %) (Table 4)
(Fig. 2). Namely, eribulin showed efficacy in nonvisceral
and visceral organs as with the study conducted by Aogi
et al. The waterfall plot analysis of maximal changes in
metastatic tumor size by organ (Fig. 2, overall) revealed a
markedly reduced proportion of patients who presented SD
and LSD (23.5 %) as compared with 37.5 % in the study
conducted by Aogi et al. Namely, our study suggested
cross resistance in a proportion of the enrolled patients. On
the other hand, eribulin also showed the ORR comparable
to that in the study conducted by Aogi et al. in Japanese
patients with MBC, thus possibly reflecting the preclinical
evidence that eribulin has antitumor activity against tax-
ane-resistant tumor cell lines [13]. Eribulin showed effi-
cacy regardless of a difference in taxanes—paclitaxel and
docetaxel (Table 5). In addition, the subgroup analysis of
best overall responses by well-defined taxane resistance
pattern in our patients revealed the following findings of
interest (Table 6): (1) the predominant (about 80 %)
pathogenesis of taxane resistance was tumor progression;
(2) all subgroups of tumor progression patterns showed the
CBRs of C20 %, i.e., eribulin provided a given level of
tumor response regardless of taxane resistance pattern; and
(3) the CBR was higher in patients whose tumor progres-
sion shifted from ‘‘SD’’ to ‘‘PD’’ than in those from ‘‘PR’’
to ‘‘SD’’ or whose tumor exhibited ‘‘PD.’’ Nevertheless,
further study will be required to specify the factors
involved in these findings through the acquisition of
information on exposure to taxanes in prior chemotherapy
regimens and others.
The safety profile of eribulin in the present study is in
line with what has been described in the previous Phase II
and III clinical trials of eribulin monotherapy [20–26].
Concretely, leukopenia (58.8 %), neutropenia (56.9 %),
and anemia (29.4 %) constituted major hematologic AEs as
with the clinical trials conducted by Aogi et al., Cortes
et al., and Kahfman et al. AEs requiring dose modifications
were grade 3 febrile neutropenia and grade 4 neutropenia,
the incidences of which in the present study were compa-
rable to or lower than those described in the abovemen-
tioned studies which ranged between 25.0 and 95.1 % and
between 21.0 and 24.6 %, respectively. Importantly,
Table 7 Most common adverse
events with an incidence of
C10 % for all grades by
CTCAE grade in the safety
population (n = 51)
Adverse event Severity
All grades Grade 1 Grade 2 Grade 3 Grade 4
Hematologic
Neutropenia 29 (56.9 %) 1 (2.0 %) 10 (19.6 %) 9 (17.6 %) 9 (17.6 %)
Leukopenia 30 (58,8 %) 5 (9.8 %) 13 (25.5 %) 10 (19.6 %) 2 (3.9 %)
Anemia 15 (29.4 %) 10 (19.6 %) 2 (3.9 %) 3 (5.9 %)
Febrile neutropenia 4 (7.8 %) 4 (7.8 %)
Thrombocytopenia 2 (3.9 %) 1 (2.0 %) 1 (2.0 %)
Nonhematologic
Oral mucositis 7 (13.7 %) 7 (13.7 %)
Alopecia 7 (13.7 %) 6 (11.8 %) 1 (2.0 %)
AST increased 7 (13.7 %) 6 (11.8 %) 1 (2.0 %)
Fatigue 7 (13.7 %) 4 (7.8 %) 2 (3.9 %) 1 (2.0 %)
Constipation 7 (13.7 %) 4 (7.8 %) 3 (5.9 %)
Anorexia 7 (13.7 %) 5 (9.8 %) 2 (3.9 %)
Peripheral motor neuropathy 7 (13.7 %) 7 (13.7 %)
Nausea 6 (11.8 %) 5 (9.8 %) 1 (2.0 %)
Peripheral sensory neuropathy 6 (11.8 %) 2 (3.9 %) 3 (5.9 %) 1 (2.0 %)
ALT increased 5 (9.8 %) 3 (5.9 %) 2 (3.9 %)
Diarrhea 4 (7.8 %) 2 (3.9 %) 2 (3.9 %)
CTCAE common terminology criteria for adverse events, ALT alanine aminotransferase, AST aspartate
aminotransferase
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eribulin indicated an incidence of grade 3 febrile neu-
tropenia (7.8 %), which was much lower than 13.6 % in
Japanese patients [24] and was comparable to 2.0–5.5 % in
non-Japanese patients [20–22, 25, 26]. Both grade 3 febrile
neutropenia and grade 4 neutropenia were successfully
managed by dose modifications or with G-CSFs. Of note
were the following facts: (1) the incidences of grade 1
peripheral neuropathy and grade 3 peripheral sensory
neuropathy were as low as 13.7 and 2.0 %, respectively;
and (2) grade 4 peripheral motor/sensory neuropathy did
not develop as with the studies conducted by Vahdat et al.,
Cortes et al., and McIntyre et al. [20–22].
Apart from the clinical benefits of eribulin monotherapy
described above, eribulin also offers therapeutic advan-
tages because of necessitating an intravenous infusion time
that is as short as 2–5 min, requiring no premedication to
prevent hypersensitivity, and causing little infusion-related
reactions during repeated administration.
Study limitations
The present study had several limitations. First, sample size
is relatively small. However, our study provided the effi-
cacy and safety profiles of eribulin monotherapy that were
in accord with those described in a previous clinical study
in Japanese patients with heavily pretreated MBC. Second,
our study is not a randomized clinical study, thus affording
practical insights of lower evidence level but reflecting the
real-world clinical settings. Third, we could not obtain
detailed information on the factors of prior chemotherapy
regimens that might influence disease progression after the
onset of eribulin monotherapy. The acquisition of the rel-
evant information and the accumulation of new patients
will help specify MBC patients presenting well-defined
taxane resistance to whom eribulin is expected to be most
effective.
Conclusions
Eribulin was effective for heavily pretreated patients with
MBC who were found to have well-defined taxane resis-
tance. Furthermore, eribulin exhibited the clinically man-
ageable safety profile in the study population including
patients with MBC who developed peripheral neuropathy.
Together, eribulin is a potential therapeutic option in the
clinical settings.
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